were 57.0, 42.6, and 27.3% for patients in the BCLC-A, SLHCC, and BCLC-B groups, respectively, which were significantly different (p < 0.001). Multivariate analysis indicated that the following independent risk factors were associated with poor prognosis: age > 65 years, alkaline phosphatase > 100 U/L, creatinine > 1.0 mg/dL, alpha-fetoprotein > 20 mg/mL, noncurative treatment, albumin-bilirubin (ALBI) grade, and HCC staging. Subgroup analysis also confirmed that patients in the SLHCC group had a survival rate intermediate to those in the BCLC-A and BCLC-B groups. However, for patients in the SLHCC group and with ALBI grade 1, outcomes were close to those in the BCLC-A group, especially in the setting of curative treatment. For those with ALBI grades 2 or 3, the prognoses were similar to those of the SLHCC and BCLC-B groups. Conclusion: Patients in the SLHCC group had an overall survival rate intermediate to those of the BCLC-A and BCLC-B groups. It is suggested that the SLHCC group could be classified as occupying a different stage from the BCLC stages A and B. The ALBI grade could help to stratify SLHCC into a different prognostic group. However, the results need to be validated externally in other regions of the world.
Introduction
Hepatocellular carcinoma (HCC) is the fifth most common malignancy and ranks as the second and sixth leading cause of cancer death in males and females, respectively. Worldwide approximately 700,000 people die of HCC annually [1] . The prognosis of patients with HCC has improved due to the promotion of HCC surveillance programs for high-risk groups, more cases being diagnosed and treated at early stages, and recent advances in treatments [2] [3] [4] . However, outcomes are still suboptimal. One recent study conducted in the United States showed that the 5-year overall survival (OS) rates for patients with liver cancer increased from 3% between 1975 and 1977 to 18% between 2004 and 2010 [5] . Evidence-based staging and management of HCC is the cornerstone in achieving an appropriate care in clinical practice and improving the prognosis of patients. The Barcelona Clinic Liver Cancer (BCLC) staging system is endorsed by the American Association for the Study of Liver Diseases (AASLD) and the European Association for the Study of the Liver (EASL) [6] and has been widely applied to guide the management of patients with HCC and to predict their prognoses [7, 8] .
For patients with single large (> 5 cm in size) HCC (SLHCC) with good liver functional reserve and performance status and without vascular invasion, liver transplantation is not recommended, and local ablation therapies are applied less due to the large tumor burden. Instead, resection surgery or transarterial chemoembolization (TACE) may be the first-line treatment in this clinical setting [9] . However, their optimal staging and treatment modalities are not fully elucidated. The original version of the BCLC staging system, which was published in 1999, defined BCLC stage A HCC as single tumors, or two or three tumors < 3 cm, that were suitable for radical therapies. Thus, SLHCC is categorized as BCLC stage A in this setting [10] . Nevertheless, in 2002, Bruix and Llovet [11] remarked that "patients at an early stage are those who present asymptomatic single HCC ≤5 cm or up to 3 nodules ≤3 cm." By this statement, SLHCC may be classified as BCLC stage B. Furthermore, according to the updated BCLC staging system (2010), "early stage HCC (BCLC A) classification consists of patients with single HCC or with up to three nodules < 3 cm," and "intermediate stage (BCLC B) is formed by those patients with single large HCCs and those with multifocal disease who are asymptomatic and do not present vascular invasion or extrahepatic spread." By this definition, SLHCC may be stage A or stage B [12] . Several studies have been conducted to investigate the prognosis of patients with SLHCC to determine the most appropriate BCLC staging for SLHCC; however, the results are conflicting [13] [14] [15] [16] [17] . Therefore, the BCLC classification of SLHCC 
Biochemical and Serologic Markers
Serum hepatitis B virus surface antigen and hepatitis C virus antibody were tested by radioimmunoassay (Abbott Laboratories, North Chicago, IL, USA) and second-generation enzyme immunoassay (Abbott Laboratories). Serum biochemistry was measured using a Roche/Hitachi Modular Analytics System (Roche Diagnostics GmbH, Mannheim, Germany). Serum alpha-fetoprotein (AFP) level was tested using a radioimmunoassay kit (Serono Diagnostic SA, Coinsins, Switzerland). The ALBI score was calculated using the formula (-0.085 × albumin in g/L) + (0.66 × log 10 bilirubin in μmol/L) [21] . ALBI grades were defined as grade 1 (score ≤-2.60), grade 2 (score >-2.60 and ≤-1.39), and grade 3 (score >-1.39).
Statistical Analysis
The primary endpoint of this study was OS. This parameter was calculated from the diagnosis of HCC to death, the last visit, or loss to follow-up. The baseline characteristics and outcomes were selected according to the EASL guidelines [6] . Pearson χ 2 analysis or the Fisher exact test was performed to compare categorical variables, and the Kruskal-Wallis test or the Mann-Whitney U test was applied to compare continuous variables between two or more patient groups. Cumulative OS rates were estimated using the Kaplan-Meier method and compared using the Cox proportional hazards model. In addition, we confirmed the assumption of proportional hazards using the log-minus-log plot of survival in a Cox regression analysis. Variables that reached statistical significance (p < 0.05) or came near statistical significance (p < 0.1) after univariate analysis underwent multivariate analysis via a forward stepwise Cox regression model. A two-tailed p value < 0.05 was considered to be statistically significant. All statistical analyses were performed using IBM SPSS Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA).
Results

Demographic Data
The baseline demographic characteristics of the enrolled patients are presented in Table 1. There were significant differences in the distribution of sex, serum biochemistry measures, viral factors, tumor factors, liver functional reserve (such as ALBI grade and presence of esophageal varices), and treatment modalities in the three patient groups.
OS of Patients in the BCLC-A, SLHCC, and BCLC-B Groups
After a median follow-up of 21.2 months (interquartile range 8.0-43.8 months), 898 patients had died and 1,387 were still alive. The cumulative OS rates at 1, 3, and 5 years were 89.2, 70.1, and 57.0% in the BCLC A group, 75.0, 54.5, and 42.6% in the SLHCC group, and 66.3, 40.5, and 27.3% in the BCLC B group, respectively. Statistically significant differences in the OS rates were noted in the pairwise comparison across all three groups (all p < 0.001; Fig. 2a ), and the results were similar after excluding patients who underwent liver transplantation (all p < 0.001; Fig. 2b) .
We compared the prognoses among the three groups using subgroup analysis. In all subgroups except for female patients, the OS rates were significantly higher in the BCLC-A group than in the SLHCC group (Fig. 2c) . Similarly, the OS rates were higher in the SLHCC group than in the BCLC-B group in all subgroups except for those with anti-hepatitis C virus positivity, with antiviral therapy, with presence of esophageal varices, or with a prothrombin time/international normalized ratio > 1.1 (Fig. 2d ). The OS rates were significantly higher in the BCLC-A group than those in BCLC-B group in all the subgroups (Fig. 2e) .
Multivariate Analysis of Independent Risk Factors Associated with Poor Prognosis
Since the ALBI scores were calculated using serum albumin and bilirubin levels, we applied two multivariate analysis models. In model 1, the ALBI grade was enrolled, but serum albumin and bilirubin levels were not entered into the multivariate analysis. In model 2, we selected serum albumin and bilirubin levels, but not the ALBI grade in the multivariate analysis.
As shown in Table 2 , in model 1, age > 65 years, serum alkaline phosphatase levels > 100 U/L, creatinine levels > 1.0 mg/dL, AFP levels > 20 mg/mL, noncurative treatment, higher ALBI grade, and HCC group were the independent risk factors associated with poor OS. In model 2, age > 65 years, serum albumin levels ≤ 3.5 g/dL, bilirubin levels > 1.0 mg/dL, alkaline phosphatase levels > 100 U/L, creatinine levels > 1.0 mg/dL, AFP levels > 20 ng/mL, noncurative treatment, and HCC group were the risk factors predicting poor OS using multivariate analysis.
Comparison of Patients' OS among the BCLC-A, SLHCC, and BCLC-B Groups Stratified by ALBI Grade and Treatment Modality
Since ALBI grade and treatment modalities were crucial in determining OS, we further investigated the impact of these two factors on the prognoses of HCC patients. Stratified by the ALBI grade, we observed significant differences in the OS rates using a pairwise comparison across patients with ALBI grade 1 among the three groups of patients (Fig. 3a) . In patients with ALBI grade 2 or 3, the patients in the BCLC-A group had significantly higher OS rates than those in the SLHCC or BCLC-B groups (Fig. 3b, c) . However, the OS rates were comparable between the SLHCC group and the BCLC-B group. When stratified by treatment modalities, patients who underwent curative treatment in the BCLC-B group had a significantly lower OS rate than those in the BCLC-A or SLHCC groups (Fig. 3d) . The patients in the SLHCC group had a trend toward lower OS rates than those in the BCLC-A group, but this was not statistically significant (p = 0.055). For patients who underwent TACE or other treatment modalities, the BCLC-A group had a significantly higher OS rate than the SLHCC group or the BCLC-B group (Fig. 3e, f) . However, the OS rates were similar between the SLHCC group and the BCLC-B group. 
Interaction between ALBI Grade and Treatment Modalities in Determining HCC Prognosis
For patients with an ALBI grade 1 who underwent curative treatment, the OS rates were similar between the BCLC-A and the SLHCC group. Also, both groups has significantly higher OS rates than the BCLC-B group (Fig. 4a) . However, for those with an ALBI grade 1 who underwent noncurative treatment, the OS rates were comparable across the three groups (Fig. 4b) .
Regarding patients with ALBI grade 2 or 3, patients in the BCLC-A group had a significantly higher OS rate than those in the BCLC-B group, irrespective of treatment modalities (Fig. 4c, d ). Nevertheless, in the setting of curative treatment, patients in the BCLC-A group had a trend toward higher OS rates than those in the SLHCC group, although this was not statistically significant (p = 0.058). Regarding patients who underwent noncurative treatment, patients in the BCLC-A group had a significantly higher OS rate than those in the SLHCC group (p < 0.001). The OS rates were comparable between the SLHCC and the BCLC-B group, both in terms of curative and noncurative treatment.
Prognoses of Patients in the SLHCC Group
Subsequently, we analyzed the factors associated with poor prognosis in patients with SLHCC. When stratified by tumor size, patients with a tumor sized between 5 and 10 cm had a significantly higher OS rate than those with a tumor size > 10 cm, except for patients who underwent noncurative treatment modalities (Fig. 5) . Moreover, patients who underwent curative treatment had a better OS than those who underwent noncurative treatment, irrespective of tumor size and ALBI grade (Fig. 6) . Fang 
As shown in Table 3 , multivariate analysis disclosed that serum AFP > 20 mg/mL, tumor size > 10 cm, noncurative treatment, and higher ALBI grades were the independent risk factors associated with poor OS.
Comparison of OS between Resection Surgery and TACE in the SLHCC Group
We further compared the prognoses between resection surgery and TACE in the SLHCC group. Patients who underwent resection surgery had significantly higher OS rates than those who received TACE (p < 0.001; Fig. 7a) , especially in the setting of tumor size between 5 and 10 cm (p < 0.001; Fig. 7b ). For patients with a tumor size > 10 cm, resection surgery had a trend toward a higher OS rate than TACE (p = 0.055; Fig. 7c) .
When stratified by liver functional reserve, resection surgery provided a significant survival benefit compared with TACE both in patients with ALBI grade 1 (p = 0.009; Fig. 7d ) and in those with ALBI grade 2 or 3 (p < 0.001; Fig. 7e ). In model 1, the ALBI grade was enrolled, but albumin and bilirubin levels were not entered into the multivariate analysis. In model 2, we selected albumin and bilirubin, but the ALBI grade was not enrolled in the multivariate analysis. Age >65 years (HR 1.214, 95% CI 1.038-1.419, p = 0.015), serum albumin levels ≤3.5 g/dL (HR 1.736, 95% CI 1.477-2.041, p < 0.001), bilirubin >1.0 mg/dL (HR 1.338, 95% CI 1.135-1.577, p = 0.001), ALP >100 U/L (HR 1.478, 95% CI 1.255-1.741, p < 0.001), creatinine >1.0 mg/dL (HR 1.461, 95% CI 1.245-1.714, p < 0.001), AFP >20 ng/mL (HR 1.887, 95% CI 1.603-2.222, p < 0.001), noncurative therapy (HR 2.420, 95% CI 2.035-2.877, p < 0.001), and HCC group (SLHCC group, HR 1.384, 95% CI 1.131-1.694, p = 0.002; BCLC-B group, HR 1.497, 95% CI 1.235-1.814, p < 0.001) were the independent risk factors associated with poor OS. AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; CI, confidence interval; EVs, esophageal varices; HBsAg, hepatitis B virus surface antigen; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard ratio; OS, overall survival; PT/INR, prothrombin time/international normalized ratio. 
Discussion
There are several major findings of this study. First, we analyzed a large cohort of patients with SLHCC to comprehensively investigate the impact of tumor size on HCC prognosis. It was demonstrated that patients with SLHCC had an intermediate OS rate to those in the A and B stages of BCLC. Second, the SLHCC group was a heterogeneous group that presented diverse clinical manifestations, treatment modalities, and outcomes. Our study further disclosed that ALBI grade and treatment modalities could help to stratify patients with SLHCC into different prognostic groups. Third, SLHCC patients who underwent curative treatment had a slightly lower OS rate than those in the BCLC-A group. Also, both had significantly better prognosis than patients in the BCLC-B group, especially in the setting of ALBI grade 1 (Fig. 3, 4) . Fourth, for patients with SLHCC, curative treatment could provide a higher OS rate than noncurative treatment, irrespective of the tumor size and the degree of liver functional reserve. These results indicated that curative treatment was recommended as a first-line therapy for patients with SLHCC if they were not contraindicated.
In our cohort, the 5-year OS rate of patients with SLHCC was 42.6%. This was consistent with the findings of previous studies, which reported patients with SLHCC to have lower 5-year OS rates (36.8-42 .9%) than those with BCLC stage A HCC (55.4-58.6%) [16, 17] . Our study further demonstrated that SLHCC patients had an intermediate OS rate between those in the BCLC stages A and B. These findings were confirmed by multivariate analysis and most of the subgroup analyses. Therefore, categorizing SLHCC as a distinct and independent group from BCLC stage A and B may be sensible in the future. We also showed that age, ALBI grade, serum AFP levels, treatment modalities, and HCC group were important predictors of outcomes for HCC patients. This was consistent with the results from previous studies in which patient factors (such as age and performance status) [24, 25] , tumor factors (size and number of tumors, vascular invasion, serum AFP level) [26, 27] , field factors in the background liver (grade of hepatic inflammation, degree of steatosis, stage of fibrosis, portal hypertension, viral replication) [28] [29] [30] [31] [32] [33] , and treatment modalities determined the outcomes of HCC patients [9, 34, 35] .
Microvascular invasion (MVI) is an important determinant for HCC recurrence and prognosis [26, 36] . However, MVI could not be diagnosed before liver resection or transplantation. It is critical to search for a surrogate for MVI at the time of HCC diagnosis. Previous studies reported that an increase in tumor size was closely associated with a higher MVI rate in HCC patients [13] . Consequently, in 1996, Mazzaferro et al. [37] proposed the Milan criteria (single tumor ≤5 cm or up to three nodules each ≤3 cm in size and without major vascular invasion) as the selection guideline of the indication for liver transplantation in HCC patients. By meeting the Milan criteria, 5-year survival rates are > 70% and tumor recurrence rates are < 15%. Therefore, the Milan criteria have been integrated into the BCLC staging system [8] . However, tumor size is not taken into account for staging in the 7th American Joint Committee on Cancer (AJCC) staging systems. This concept was based on several studies which showed that tumor size was not an independent risk factor for long-term survival and tumor recurrence after curative resection of single HCC. Instead, tumor biology and underlying liver disease were better prognostic factors than tumor size [36] .
Nevertheless, most of these studies enrolled patients with well-preserved liver function who was feasible for resection. Several recent studies demonstrated that tumor size was one of the most important prognostic factors for single HCC, and the rationale for its omission in the BCLC and 7th AJCC staging system has been challenged [13] [14] [15] [16] [17] 38] . Consequently, tumor size is integrated into other HCC staging systems, including the Hong Kong Liver Cancer staging system with a cu-off set at 5 cm [39] . Our study also validated that patients with SLHCC had poorer outcomes than those in the BCLC stage A. These results confirm the crucial prognostic role of tumor size in HCC patients.
Approximately 80% of patients with HCC have cirrhosis. The degree of liver functional reserve is crucial in determining the treatment modality and affects the OS in HCC patients. Lower albumin levels imply dysfunction of liver synthesis and a higher risk of ascites formation in patients with cirrhosis. Moreover, serum albumin and bilirubin levels are the most critical factors to predict hepatic adverse events in cirrhotic patients. Recently, a new prognostic score, the ALBI score, has been validated as an objective, inexpensive, and feasible biomarker for liver function estimation and a reliable prognostic predictor across different BCLC stages and treatments for HCC [20, 21, [40] [41] [42] [43] . In our cohort, we performed two multivariate analysis models to assess the independent risk factors predicting poor OS. In model 1, it demonstrated that ALBI grade was correlated to poor prognosis in HCC patients. In model 2, when the ALBI grade was not enrolled, its two major determinants (serum albumin and bilirubin levels) were the independent risk factors associated with poorer OS. These results indicated that ALBI grade had an excellent discriminative ability to predict the prognoses of HCC patients.
Current HCC management guidelines recommend liver transplantation, resection surgery, and local ablation therapies as the first-line curative treatment modalities in patients with BCLC stage A HCC [8] . For patients with BCLC stage B, TACE is the recommended treatment. However, the most suitable staging and treatment for SLHCC have not yet been fully elucidated. In our study, SLHCC patients who had ALBI grade 1 had a slightly lower OS rate than those with BCLC stage A, especially those who underwent curative therapies. However, for those with poorer liver function reserve (ALBI grade 2 or 3), the prognoses were similar between patients with SLHCC and those with BCLC stage B HCC. Similarly, patients with SLHCC had an OS rate closer to BCLC stage A than BCLC stage B when they underwent curative therapy, while the prognoses were comparable between SLHCC and BCLC stage B when they received noncurative therapy. These data suggest that ALBI grade and treatment modalities could further help to stratify SLHCC into different prognostic groups. In brief, the prognoses of patients with SLHCC will be close to those with BCLC stage A when they have a relatively well-preserved liver function feasible for curative therapy, while their outcomes will be similar to those of patients in BCLC stage B when they have ALBI grade 2 or 3.
Regarding treatment, several previous studies have showed that patients with SLHCC who underwent resection had better prognoses than those who underwent TACE [44] [45] [46] . However, these results might have some biases due to several important confounding factors that affect prognoses. These include liver functional reserves, which existed in patients who underwent resection and TACE. In the present cohort, treatment modality was still an important prognostic factor for patients with SLHCC after adjusting for the confounding factors by multivariate analysis and subgroup analysis stratified by tumor size and liver functional reserve. It is suggested that curative treatment, especially resection surgery, could serve as a first-line treatment modality for SLHCC if it is not contraindicated.
There are some limitations to this study. First, we included HCC patients from a single tertiary center. The data should be validated externally in other regions of the world in which the selection of treatment modalities, the quality of technical skills, and the supportive systems for patients might vary substantially. Second, interobserver bias may exist in the amount of ascites and the degree of hepatic encephalopathy for Child-Pugh scoring. This is an important parameter of the BCLC staging system. Third, this is a retrospective study, and the choice of curative or noncurative treatment was primarily based on the physician's judgment and recommendation for a substantial number of patients with SLHCC. Thus, selection bias could not be completely avoided. Although the long-term prognoses of patients undergoing different therapies were not all equal, we categorized treatment modalities as curative and noncurative therapies due to the relatively small number of patients treated with some therapies, such as liver transplantation and radiofrequency ablation in the SLHCC group. Nevertheless, we compared the outcomes between resection surgery and TACE, the most common curative and noncurative treatments for SLHCC, respectively. It was shown that resection surgery could provide a survival benefit compared with TACE in most of the subgroups, except in the setting of tumor size > 10 cm (p = 0.055), which might be due to the small number of patients in this very large tumor group. Further large-scale studies are warranted to compare the prognosis between resection surgery and TACE for patients with a very large solitary HCC. Fourth, since among the patients with an ALBI grade 3 in the SLHCC group, only 7 and 10 patients underwent resection surgery and TACE, respectively, we could not assess the long-term prognoses between resection and TACE in such patients. Further prospective studies are needed to elucidate this issue. Fifth, there were substantial differences in demographic characteristics, especially liver functional reserve, among patients in the three groups. Confounding differences might make evaluating the true impact of tumor size on posttreatment prognoses difficult.
In conclusion, patients with SLHCC are suggested to be assigned to an independent group, different from BCLC stage A and B. ALBI grade could help to stratify SLHCC into different prognostic subgroups. In addition, curative treatment modality provided a better prognosis than noncurative therapy, regardless of tumor stage.
